The participation of cell adhesion molecules (CAMs) 
During an infectious process, immunological response requires the recruitment and migration of leukocytes towards and inside a target tissue. These processes are crucial for invader control and regain homeostasis, however sometimes inflammation becomes progressive. This seems to be the case in Chagas disease-associated myocarditis, one of the leading causes of death in Latin America (Dias et al. 2002) . Although the mechanisms involved in the genesis of the chronic myocarditis are very controversial, inflammatory infiltrates have crucial role in the induction of cardiac fibrosis and organ dysfunction (Cunha-Neto 2001 , Tarleton 2001 , Teixeira et al. 2002 , Lannes-Vieira 2003 . Recently, the CD8 T-cellmediated myocarditis characteristic of chronic chagasic patients with severe cardiomyopathy (Reis et al. 1993 ) has been successfully reproduced in C3H/He mice infected with the Colombian strain of Trypanosoma cruzi (dos Santos et al. 2001) . Nevertheless, the molecular mechanisms determining the prevalence of CD8 + T lymphocytes in the cardiac tissue during T. cruzi infection remain unknown.
Migratory abilities of leukocytes are critically dependent on their nature and activation state, and shaped by a multitude of factors including the cell adhesion molecules (CAMs) and chemokine receptors expressed on invading cells, the capacity of vascular endothelium interplay with leukocytes, and chemoattractant cytokines and extracellular matrix components expressed in target tissues (Sallusto et al. 2000 , Gerard & Rollins 2001 , Moser & Loestscher 2001 , Rose et al. 2002 , Thomsen et al. 2003 . In this context, the requirement and functional participation of the CAMs of the integrin family LFA-1 (leukocyte function-associated antigen-1, CD11α/CD18) and VLA-4 (very late activation antigen-4, CD49d/CD29, α4β1) and their counter-receptors of the immunoglobulin superfamily ICAM-1 (intercellular adhesion molecule-1, CD54) and VCAM-1 (vascular cell adhesion molecule-1, CD106), respectively, in leukocyte activation and trafficking have been extensively demonstrated (Springer 1995 , Sprent et al. 1997 , Rose et al. 2002 . Interestingly, we have shown that in the CD8-mediated T. cruzi-elicited chronic myocarditis the proportional distribution of CD4 + and CD8 + T-cells in the myocardium mirrors the frequency of cells expressing the LFA-1 High VLA-4 High activation phenotype among CD4 + and CD8 + peripheral blood T-cells (dos Santos et al. 2001) . In this context, the expression of ICAM-1 and VCAM-1 on vascular endothelium has been associated with the presence of CD8 + infiltrating T-cells in the cardiac tissue of chagasic patients with severe cardiomyopathy (Benvenuti et al. 2000) . Recently, we have demonstrated that VLA-4/VCAM-1-pathway, but not LFA-1/ICAM-1-mediated interactions, plays a pivotal role in the establishment of CD8-mediated T. cruzi-induced meningoencephalitis (Roffê et al. 2003) . Altogether, these results led us to hypothesize that the predominance of CD8 + T-cells in the myocardium of T. cruzi-infected individuals reflects the profile of CAMs displayed by the peripheral blood CD8 + lymphocytes (dos Santos et al. 2001 , Lannes-Vieira 2003 . Therefore, the present study was undertaken to test whether the prevalence of a given T-cell subset in the myocardium during an inflammatory process reflects the differential profile of CAMs acquired by this particular T-cell population present in peripheral blood. For that, we assessed the expression of CAMs on peripheral blood lymphocytes during the genesis of inflammation using as experimental models the CD4-mediated myosin-induced (Wang et al. 1999 ) and the CD8-mediated T. cruzi-elicited (dos Santos et al. 2001) myocarditis. Further, considering that the endothelium of the target tissue is more than a passive partner in the interplay with leukocytes, the expression of CAMs on cardiac endothelial cells was also studied.
MATERIALS AND METHODS
Animals -All experiments were performed using female C3H/He (H-2 k ) 5-7 weeks old obtained from the Animal Facilities, Cecal, Oswaldo Cruz Foundation (Fiocruz). The animals were maintained under standard conditions in the animal house and all the experimental procedures were conducted according to the institutional guidelines for the Fiocruz.
Parasites and experimental infection -Mice were infected intraperitoneally with 100 blood trypomastigote forms of the Colombian type III strain (Andrade 1974) of T. cruzi isolated by Federici et al. (1964) and maintained by serial passages from mice to mice in the Laboratory of Autoimmunity and Immunoregulation, IOC-Fiocruz (Rio de Janeiro, Brazil). Parasitemia was estimated using 5 µl of blood obtained from the tail vein according to Brener's method (Brener 1962) , and employed as a parameter to establish acute and chronic phases. As we have previously described, circulating parasites were detected 14 days post-infection (dpi) and parasitemia peak was achieved at 42 dpi (dos Santos et al. 2001) .
Induction of myosin-triggered myocarditis -To induce autoimmune myocarditis, mice were immunized with 100 µg of porcine cardiac myosin (M0531, Sigma, US), as previously described (Wang et al. 1999) . Briefly, the animals were immunized with myosin emulsified in complete Freund's adjuvant (CFA) in a total volume of 0.2 ml. Three sites in the dorsal flank received subcutaneous injections. Mice were boosted 7 days later in an identical manner, but using Freund's incomplete adjuvant. Control mice were injected with saline or adjuvant emulsion omitting myosin.
Antibodies -Specific monoclonal antibodies anti-CD8α-FITC (clone 53-6.7), anti-CD4-PE (GK 1.5), anti-T cell receptor αβ-biotin (clone H57-597), anti-CD11α-FITC (CD11α/CD18β or LFA-1, clone M17/4), anti-ICAM-1-biotin (CD54, clone 3E2), anti-VLA-4-biotin (CD49d, α4 chain, clone 9C10), anti-VCAM-1-biotin (CD106, clone 51-10C9), and isotype control were purchased from PharMingen (US). Anti-F4/80 polyclonal antibody recognizing macrophages was purchased from Caltag (US). Hibridomas producing monoclonal antibodies antiMac-1 (CD11β, clone M1/70.15.11.5.HL), anti-CD8α (clone 53-6.7) and anti-CD4 (GK1.5) were purchased from the Cell Bank of the Federal University of Rio de Janeiro, expanded and the supernatants used for immunohistochemistry. Biotin-conjugated antibody recognizing rat immunoglobulins was purchased from DAKO (Denmark), peroxidase-streptavidin complex was obtained from Amersham (England) and Cy-chrome-conjugated streptavidin was purchased from PharMingen. Appropriate controls were prepared by replacing primary antibodies with purified rat immunoglobulin. Antibodies and reagents were used according to manufacturers' instructions.
Immunohistochemical characterization of inflammatory infiltrates and CAMs present in the cardiac tissue of myosin-immunized and T. cruzi-infected mice -Groups of 5-15 mice were sacrificed at 7, 14, 21 and 28 days after T. cruzi infection, in order to characterize the kinetic of CD8-mediated myocarditis establishment, and 21 days after myosin immunization, when CD4-mediated myocarditis is established (Grässl et al. 1997 , Wang et al. 1999 . Groups of 3 age-matched control mice were sacrificed at the same time-points. The heart was removed, embedded in tissue freezing medium (O.C.T., Tissue Tek, Miles Laboratories, US) and stored in liquid nitrogen. The indirect immunoperoxidase technique was performed as previously described (dos Santos et al. 2001) . Briefly, serial cryostat sections 5-7 µm-thick were mounted on poly-L-lysincovered glass slides and fixed for 10 min in cold acetone. Endogenous peroxidase and non-specific antibody binding were blocked incubating the specimens with PBS containing 0.1% sodium azide and normal goat serum diluted 1/50 (Sigma). Thereafter, sequential incubations with primary antibodies (anti-cell markers, anti-CAMs or specie-matched control immunoglobulin), secondary biotinylated antibodies (goat anti-rat immunoglobulin) when required, and streptavidin-peroxidase complex were performed. All incubations were performed for 40 min with antibodies diluted in 1% BSA-PBS, and were followed by washes in PBS. The peroxidase reaction was developed with 9-amino3-ethylcarbazole in the presence of hydrogen peroxide. The material was counter-stained with Mayer's haematoxylin and analyzed under a light microscope. Sections of spleen were used as positive controls for lymphocyte staining. The numbers of CD4-and CD8-positive cells, ICAM-1-and VCAM-1-expressing and total blood vessels were counted in 50 microscope fields (250X) per tissue section in three heart sections of each animal. The data were presented as mean and standard error of each group of animals.
Flow cytometry preparations and analysis -This assay was performed as previously described (dos Santos et al. 2001) . Briefly, animals were sacrificed by blood removal through retro-orbital plexus puncture under anesthesia. Suspensions of blood mononuclear cells were prepared by pooling 1.5 ml of heparinized blood (3 animals/ sample) and performing Fycoll Hypaque (d = 1.077g/ml, Sigma) separation. In order to prepare myocardium mononuclear cell suspensions, the hearts (10-15) were washed to remove blood clots, minced with scissors in 1-2 mm fragments and submitted to enzymatic digestion using a solution containing 0.015% trypsin (T4799, Sigma) and colagenase A (103586, Boehringer Mannheim, Germany), as we have previously described (dos Santos et al. 2001) . The mononuclear cells recovered were washed and resuspended in PBS containing 2% of FCS. To minimize unspecific labeling, the blockage of Fc receptors was performed for 30 min at 4°C with PBS containing 2% of normal mouse serum and 2% of FCS. Immunofluorescence labeling procedures involved the incubation of viable 10 6 blood or 10 5 heart mononuclear cells with primary antibody-biotin followed by incubation with CyChrome-streptavidin and fluorochromo-conjugated specific antibodies. Optimal concentrations of each antibody were determined in preliminary experiments. All incubations were performed for 40 min at 4°C with antibodies diluted in PBS containing 2% of FCS, and were followed by washes in a similar medium. Controls of specific labeling were prepared using isotype matched controls. Samples were fixed in cold PBS containing 1% of formaldehyde. One-color labeled samples were prepared to set compensation values.
Flow cytometry studies were performed using a FACScalibur (FACScalibur, Becton Dickinson, CA, US). Lymphocytes were gated using a narrow forward-angle light scatter parameter to exclude dead cells from analysis. At least 12,000 cells were acquired inside this gate. Fluorescence gates were cut in accordance to labeling controls, respecting curve inflexions. Cytometric analyses were performed using the program WinMDI Version 2.5.
Statistical analysis -Arithmetic means and standard errors of the means were calculated. The Student's t-test was used to analyze the statistical meaning of the observed differences. Probability values (p) of 0.05 or less were considered significant.
RESULTS

Phenotypic analysis of inflammatory mononuclear cells present in the cardiac tissue and mononuclear cells present in the peripheral blood of myosin-immunized
C3H/He mice -Diffuse and focal inflammatory infiltrates characterize the myosin-induced myocarditis at 21 days after the first injection of antigen. The cells composing these inflammatory infiltrates were characterized using immunohistochemical assay. In comparison with the rare inflammatory cells present in the cardiac tissue of CFAinoculated mice, the more pronounced inflammatory foci present in the myocardium of myosin-immunized animals consisted predominantly of macrophages (77.5%), CD4 + T-cells (17.7%) and, to a lesser extent, CD8 + T-cells (4.7%), illustrating a CD4-mediated myocarditis (Fig. 1) , as previously described (Grässl et al. 1997) .
In order to test our hypothesis that the predominance of a given T-cell population in the inflamed heart is, at least in part, consequence of the differential profile of CAMs acquired by this cell subset present in peripheral blood, we investigated the activation status of circulating T-lymphocytes from myosin-immunized mice. Initially, no significant alterations were detected in the CD4/CD8 ratio when myosin-immunized mice were compared with salineor CFA-injected animals ( Fig. 2A) . Interestingly, a remarkable increase in the proportion of VLA-4 + cells was observed in the peripheral blood of myosin-immunized mice at 21 days after the first injection of antigen, when compared with saline-or CFA-inoculated animals (Fig. 2B ). To test our hypothesis, the proportions of CD4 + and CD8 + among VLA-4 + cells were analyzed. As predicted, a significant increase in the proportion of VLA-4 + CD4 + peripheral blood T-cells was restricted to myosin-immunized mice in comparison with saline-or CFA-injected animals. Furthermore, the alteration of VLA-4 expression was restricted to the CD4 + T-cells, whereas the proportion of VLA-4 + CD8 + remained unaltered (Fig. 2B-C) . LFA-1 expression was also distinctly altered on peripheral blood mononuclear cells and accompanied the formation of CD4-mediated myocarditis (data not shown).
Phenotypic analysis of inflammatory mononuclear cells present in the cardiac tissue and peripheral blood of Colombian-infected C3H/He mice -Histopathological studies showed that mononuclear cells forming a diffuse inflammatory process were firstly detected in the cardiac tissue of the Colombian-infected C3H/He mice at 14 dpi. These rare inflammatory cells were VLA-4 + (Fig. 3A) . Also, during the early acute infection (21-28 dpi), the majority of mononuclear cells infiltrating the cardiac tissue were VLA-4 + activated cells (Fig. 3A) and expressed Mac-1 (data not shown). The cytofluorimetric analysis of the invading cells enzymatically harvested from the cardiac tissue of T. cruzi-infected animals at 28 dpi showed that almost all of them are VLA-4 + and LFA-1 + (Fig. 3B) . Further, the inflammatory infiltrates at this time point are composed mainly of CD8 + lymphocytes and, to a lesser extent, CD4 + cells (Fig. 3C ) and macrophages (data not shown), showing that the establishment of the CD8-mediated myocarditis is an early event during T. cruzi infection. In the cardiac tissue of non-infected controls the rare mononuclear cells consisted mainly of CD4 + , as we have previously shown (dos Santos et al. 2001) . Additionally, cytofluorimetric analysis revealed that both CD4 and CD8 cell subsets from the cardiac tissue express T cell receptor (data not shown) and confirmed that almost all of these Tcells are VLA-4 + (Fig. 3C) . Therefore, the majority of CD4 + and CD8 + cells isolated from the heart of T. cruzi-infected mice were activated, bearing VLA-4 and LFA-1.
Trying to test our hypothesis that the predominance of CD8 + T-cells in the inflamed heart of T. cruzi-infected mice is, at least in part, consequence of the differential profile of CAMs acquired by this T-cell subset present in peripheral blood, we analyzed the expression of CAMs on circulating T-cells. A remarkable up-regulation of VLA-4 expression was observed on circulating mononuclear cells at 28 dpi (Fig. 3D) . As predicted, most of these VLA-4 + cells were CD8 + , while a minor proportion of VLA-4 + cells were CD4 + , in contrast with what is observed in noninfected controls (Fig. 3D ). Previously, we have reported that during chronic T. cruzi infection a large proportion of CD8 + peripheral blood T-cells is activated, while only a minor subset of CD4 + circulating T lymphocytes bears activation markers (dos Santos et al. 2001) . To draw a similar analysis, the profile of CAMs expressed by peripheral blood CD4 + and CD8 + T-cells from T. cruzi-infected mice at 28 dpi was studied. The results showed that also during the early acute phase the majority of CD8 + T-cells are VLA-4 + , while a minority of CD4 + lymphocytes express VLA-4 (Fig. 4A) . A kinetic study demonstrated that the initial alteration of VLA-4, LFA-1 and ICAM-1 expression on circulating mononuclear cells paralleled the entrance of the first inflammatory cells inside the cardiac tissue, occurring at 14 dpi (Fig. 4B) . The analysis of the profile of CAMs on CD4 + and CD8 + Tcells present in the peripheral blood of non-infected controls showed that a large proportion of CD8 + T-cells express VLA-4, LFA-1 and ICAM-1, while a minor proportion of circulating CD4 + T-cells express these CAMs. Similar profiles were found in the peripheral blood of T. cruzi-infected mice, however a remarkable increase in the proportion of CD8 + T-cells bearing VLA-4, LFA-1, and ICAM-1 was observed after 14 dpi (Fig. 4B) . Altogether, these results show that the increase in the proportion of CD8 + T-cells expressing VLA-4, LFA-1, and ICAM-1 occurs during the early acute phase and parallels the establishment of the CD8-mediated T. cruzi-elicited myocarditis.
Expression of CAMs on the cardiac vascular endothelium of Colombian-infected C3H/He mice -To further study the molecules involved in the interplay with leukocytes and putatively involved in the transendothelial migration of these cells into the cardiac tissue, we carried out an immunohistochemical study analyzing the expression of VCAM-1, ligand for VLA-4, and ICAM-1, counter-receptor for LFA-1 and Mac-1, on heart cryopreserved sections. The vascular endothelial cells of the cardiac tissue of control mice do not express or only small numbers of blood vessels present dull expression of VCAM-1 (Fig. 5A-B) . Slight up-regulation of VCAM-1 and ICAM-1 on cardiac endothelial cells was observed since day 14 post-infection (data not shown). A remarkable increase in the numbers of VCAM-1 + and ICAM-1 + blood vessels was observed in the cardiac tissue of T. cruziinfected mice on day 28 post-infection (Fig. 5A) . Moreover, the increase in the proportion of VCAM-1 + and ICAM-1 + blood vessels was accompanied by an upregulation of these molecules on the cardiac endothelium of T. cruzi-infected mice (Fig. 5B) . In contrast to VCAM-1 expression that was restricted to the endothelium of cardiac blood vessels, the expression of ICAM-1 was more widespread, being also detected and strongly up-regulated on the sarcolemma of cardiomyocytes and on invading mononuclear cells (Fig. 5B) .
DISCUSSION
In the present study, we provide evidence that the predominance of a given T-cell subpopulation inside the inflamed cardiac tissue in an autoimmune or infectious situation reflects the differential profile of the cell adhesion molecules VLA-4, LFA-1 and ICAM-1 displayed by this particular T-cell subset present in peripheral blood. Moreover, we show that the cardiac tissue must be permissive to the entrance of these activated cells, being this state reflected, at least in part, by the expression of VCAM-1 and ICAM-1 on vascular endothelium.
Immunization with cardiac myosin causes CD4 + T cellmediated acute self-resolving myocarditis in genetically predisposed C3H/He mice and serves as a model for autoimmune heart disease (Pummerer et al. 1996 , Grässl et al. 1997 , Wang et al. 1999 . Herein, we show that the myosin-induced CD4-mediated myocarditis is associated with differential expression of VLA-4 and LFA-1 on circulating CD4 + T lymphocytes, supporting our hypothesis that the differential profile of CAMs expressed by CD4 + T-cells is, at least in part, determinant of their migration into the heart tissue. Comparable association A B was observed in the CD8-mediated T. cruzi-elicited myocarditis given that a large proportion of peripheral blood CD8 + T-cells, but not of CD4 + lymphocytes, displays differential profile of VLA-4, LFA-1 and ICAM-1. In agreement with these data is the demonstration that during chronic infection the predominance of CD8 + Tcells in the cardiac tissue is not only consequence of the passive influx of the predominant cell population in the immune compartments (blood and lymphoid tissues), where the majority of T-cells are CD4 + , but reflects the activation phenotype (CD62L Low/-, LFA-1 High , and VLA-4 High ) exhibited by the majority of CD8 + peripheral blood T-cells, while a minor population of the circulating CD4 + cells bears these activated markers (dos Santos et al. 2001) . In this context, a recent study has demonstrated that patients with a mild form of chagasic myocarditis present a lower percentage of CD3 + VLA-4 + peripheral blood cells, in comparison with those with severe chronic cardiomyopathy (Laucella et al. 2001) . Interestingly, high frequency of activated CD8 + T lymphocytes has also been observed in the blood of cardiac chagasic patients (Dutra et al. 1996) . Further, we bring evidence that the differential activation state of the CD8 + T-cells in T. cruzi-infected mice observed during the chronic phase (dos Santos et al. 2001 ) is acquired early during the acute infection. In fact, during the acute T. cruzi infection drastic immunological abnormalities are observed, including polyclonal activation in murine as well as leukocytosis and lymphocytosis (mainly due to CD8 T-cell subset enhancement) in non-human primate models for Chagas disease (D'Imperio Lima et al. 1985 , Bonecini-Almeida 2000 . Thus, it is tempting to speculate that the increased availability of activated peripheral blood CD8 + T-cells in T. cruzi-infected individuals may contribute to the establishment and perpetuation of the CD8-mediated myocarditis.
The mechanisms triggering the differential activation of CD4 + lymphocytes in myosin-immunized and CD8 + Tcells in T. cruzi-infected individuals are not clear, however one should consider that the nature of the administered antigen (soluble antigen emulsified in CFA) or infectious agent (an intracellular parasite) may explain the distinct antigen presentation and cell activation in these models. As consequence, a differential influx of CD4 + and CD8 + T-cells into circulation and from this into permissive target tissues should be expected in the two distinct models.
The importance of VCAM-1 and ICAM-1 in controlling cell adhesion and migration is well established (Springer 1995 , Sprent et al. 1997 . In this context, it has been shown that expression of endothelial ICAM-1 is a prerequisite for target organ recognition by autoreactive T-cells in the model for CD4-mediated myocarditis studied here (Pummerer et al. 1996) . In addition, VCAM-1 expression was demonstrated in mice that developed myosin-induced CD4-mediated myocarditis (Wang et al. 1999) . Consistently, up-regulation of VCAM-1 expression was observed since the early acute T. cruzi infection and paralleled the presence of VLA-4 + activated mononuclear cells in the cardiac tissue. Besides that, ICAM-1 expression that was dull on endothelial cells of cardiac tissue of non-infected animals was also up-regulated in infected mice. Recently, we have shown that during the chronic T. cruzi infection a remarkable increase in the expression of VCAM-1 was observed on cardiac vascular endothelium (dos Santos et al. 2001) , as found in Coxsackievirus B3-induced myocarditis (Seko et al. 1996) . Most importantly, ICAM-1 + and VCAM-1 + blood vessels associated with CD8 + infiltrating T-cells were also detected in the cardiac tissue of chagasic patients with severe cardiomyopathy (Benvenuti et al. 2000) . Altogether, these findings strongly suggest that VLA-4/VCAM-1 and LFA-1/ICAM-1 interactions could contribute to the attachment of circulating CD4 + and CD8 + T-cells to activated endothelium leading to migration of these cells, depending on their differential activation profile, into the cardiac tissue in myosin-immunized and T. cruzi-infected mice, resulting in CD4-mediated and CD8-mediated myocarditis, respectively. 
T. cruzi-infected
Local and systemically produced pro-inflammatory cytokines may modulate the expression of ICAM-1 and VCAM-1 on endothelial cells (Thomsen et al. 2003) . In fact, ICAM-1 expression on cardiac vascular endothelial of myosin-immunized mice was shown to be dependent on TNF-α expression (Pummerer et al. 1996) . The proinflammatory cytokines IL-12, IFN-γ and TNF-α were shown to be synthesized inside the cardiac tissue of T. cruzi-infected humans and mice , Talvani et al. 2000 , dos Santos et al. 2001 . Thus, these proinflammatory cytokines could modulate the expression of CAMs on vascular endothelium of the inflamed heart of T. cruzi-infected individuals and hence promote cellular infiltration of leukocytes into this target tissue. In fact, this possibility was supported by the results showing that the decreased myocarditis observed in IFN-γ-immunodeficient mice infected with T. cruzi (Aliberti et al. 2001 ) paralleled the diminished expression of VCAM-1 and ICAM-1 on cardiac endothelial cells (Michailowisky pers. commun.).
Another interesting point concerns the finding that most of the CD4 + and CD8 + T-cells present in the inflamed myocardium of acutely T. cruzi-infected mice present the VLA-4 + activated phenotype. Mononuclear cells expressing VLA-4 (ligand for VCAM-1 as well as a receptor for fibronectin) and CD44 (receptor for fibronectin and hyaluronic acid) were detected in the myocardium of chronic chagasic patients (Reis et al. 1993) . T. cruziinfected humans and experimental animals present extracellular matrix abnormalities that parallel heart inflammation and dysfunction (Andrade et al. 1989 , Higuchi et al. 1999 . In this context, we have shown that in T. cruziinfected C3H/He mice, a fine fibronectin network involving VLA-4 + T lymphocytes is present in the perivascular space of cardiac blood vessels during acute and chronic infection (dos Santos et al. 2001) , suggesting that these inflammatory cells are activated and able to interact with the extracellular matrix components in the target tissue. Thus, the interaction of VLA-4 + invading cells with extracellular matrix components, proposed to contribute to cell anchorage and activation as well as cytokine retention (Vaday et al. 2001) , may play a key role in the establishment and perpetuation of T. cruzi-elicited myocarditis. Further, in the present study, we show that the majority of CD8 + and CD4 + T-cells present in the inflamed heart tissue of Colombian-infected C3H/He mice during the early acute phase are LFA-1 + , as previously detected during the chronic infection (dos Santos et al. 2001) . In agreement with our results, previous report has shown that LFA-1 + mononuclear cells are present in the inflamed myocardium of chronic chagasic patients with severe cardiomyopathy (Reis et al. 1993) , suggesting that at least part of these inflammatory cells are activated. Further, we bring evidence that the myocytes present enhanced ICAM-1 expression, confirming a previous report (Laucella et al. 1996) . Furthermore, as LFA-1/ICAM-1 interactions play a crucial role forming the immunological synapse (Camacho et al. 2001) , ICAM-1 + myocytes could be targets for LFA-1 + cytotoxic T-cells, contributing to heart dysfunction. As ICAM-1 expression was upregulated on heart invading mononuclear cells, one could consider that ICAM-1/LFA-1 and/or ICAM-1/Mac-1 (CR3, CD11b/CD18) interactions may also be crucial for lymphocyte-lymphocyte or lymphocyte-antigen presenting cell interplay. Therefore, the presence of VLA-4 + , LFA-1 + and ICAM-1 + mononuclear cells in the cardiac tissue of infected animals since early acute T. cruzi infection suggest the participation of these molecules in the migration and accumulation of inflammatory cells into this target tissue during chagasic infection. Moreover, VLA-4-, LFA-1-and ICAM-1-mediated interactions could also participate in the persistence of cell activation within the inflamed tissue via direct interaction with their ligands on myocytes, antigen presenting cells, lymphocytes or extracellular matrix components, leading to effector functions such as cytotoxicity, and release of soluble inflammatory mediators as cytokines and chemokines. Further studies are required to clarify the differential contribution of CAM-mediated interactions in parasite control and pathogenesis of the myocardial cell damage during T. cruzi infection.
Lastly, immunomodulators able to down-regulate the expression of CAMs on activated lymphocytes or monoclonal antibodies and antagonists specific for CAMs are being proposed and successfully used to ameliorate inflammatory processes (Yusuf-Makagiansar et al. 2002) . Therefore, our results strongly supporting that VLA-4/ VCAM-1-and LFA-1/ICAM-1-mediated interactions are putatively involved in the genesis of myosin-induced and T. cruzi-elicited myocarditis point to the possibility that adhesion molecules may constitute logic targets aiming to ameliorate the prognostic of autoimmune and infectious myocarditis.
